The crystal structures of four indole derivatives with various substituents at the 2-, 3-and 5-positions of the ring system are described, namely, ethyl 3-(5-chloro-2-phenyl-1H-indol-3-yl)-3-phenylpropanoate, C 25 H 22 ClNO 2 , (I), 2-bromo-3-(2-nitro-1-phenylethyl)-1H-indole, C 16 H 13 BrN 2 O 2 , (II), 5-methoxy-3-(2-nitro-1-phenylethyl)-2-phenyl-1H-indole, C 23 H 20 N 2 O 3 , (III), and 5-chloro-3-(2-nitro-1-phenylethyl)-2-phenyl-1H-indole, C 22 H 17 ClN 2 O 2 , (IV). The dominant intermolecular interaction in each case is an N-HÁ Á ÁO hydrogen bond, which generates either chains or inversion dimers. Weak C-HÁ Á ÁO, C-HÁ Á Á and -interactions occur in these structures but there is no consistent pattern amongst them. Two of these compounds act as modest enhancers of CB1 cannabanoid signalling and two are inactive.
Chemical context
The indole ring system is an important element of many natural and synthetic molecules with important biological activities (Biswal et al., 2012; Kaushik et al., 2013; Sharma et al., 2010) . As part of our ongoing studies in this area, a group of indole derivatives with different substituents at the 2, 3 and 5-positions of the ring system were synthesised and tested as possible cannabinoid allosteric antagonists (Kerr, 2013) . These compounds are analogues of 3-(2-nitro-1-phenylethyl)-2-phenyl-1H-indole (known as F087; see scheme), a positive allosteric modulator of CB1 (Adam et al., 2007) .
We now report the crystal structures of four of the compounds from that study, viz. ethyl 3-(5-chloro-2-phenyl-1H-indol-3-yl)-3-phenylpropanoate, (I), 2-bromo-3-(2-nitro-1-phenylethyl)-1H-indole, (II), 5-methoxy-3-(2-nitro-1-phenylethyl)-2-phenyl-1H-indole, (III), and 5-chloro-3-(2-nitro-1-phenylethyl)-2-phenyl-1H-indole, (IV). Compounds (III) and (IV) were found to act as moderate enhancers of CB1 signalling at 1 mM concentration (Kerr, 2013) but compounds (I) and (II) were inactive. The molecular structure of (I), showing 50% displacement ellipsoids. The double-dashed line indicates a weak C-HÁ Á ÁO hydrogen bond.
Figure 2
The molecular structure of (II), showing 50% displacement ellipsoids.
Figure 3
The molecular structure of (III), showing 50% displacement ellipsoids.
The dihedral angle between the indole ring system and the phenyl ring is 81.69 (7) . Fig. 3 shows the molecular structure of (III). The r.m.s. deviation for the atoms making up the indole ring system is 0.013Å , and O3, C9 and C17 deviate from the mean plane by 0.0273 (12), À0.1302 (14), and 0.148 (1)Å , respectively. The dihedral angle between the indole ring plane and the C17-ring is 53.76 (3) . This is similar to the equivalent value for (I), but the twist is in the opposite sense, as indicated by the C7-C8-C17-C22 torsion angle of À52. 40 (15) : in this case no intramolecular C-HÁ Á ÁO bond is present. The dihedral angle between the indole ring and the C11 ring is 67.12 (3) . The C8-C7-C9-H9, C8-C7-C9-C11 and C8-C7-C9-C10 torsion angles are À17, 102.46 (11) and À133.20 (10) , respectively, which are almost identical to the corresponding values for (II) . These indicate that the C9-H9 bond is twisted away from the indole plane to the same side of the molecule as the nitro group: looking down the C9-C7 bond, C9-H9 is rotated in a clockwise sense with respect to the ring. The disposition of N2 and C11 about the C10-C9 bond is anti [torsion angle = À171. 63 (8) ]. The methyl C atom of the methoxy group deviates from the indole plane by À0.1302 (14) Å , i.e. slightly towards the side of the molecule occupied by the C11 phenyl ring.
A view of the molecular structure of (IV) can be seen in Fig. 4 . The indole ring system has an r.m.s. deviation of 0.008 Å for its nine non-hydrogen atoms and Cl1, C9 and C17 deviate from the mean plane by 0.009 (1), 0.093 (1) and À0.044 (1)Å . Thus, the displacement of C9 is slightly smaller than in the other three structures presented here. In terms of the orientation of the substituents at the 3-position of the indole ring, the C8-C7-C9-H9, C8-C7-C9-C11 and C8-C7-C9-C10 torsion angles are À17, 102.42 (14) and À133. 94 (12) , respectively, which are very similar to the equivalent data for (II) and (III), again indicating that C9-H9 is twisted towards the nitro group. The N2-C10-C9-C11 torsion angle of 179.61 (9) shows that the anti orientation of N2 and C11 exactly mirrors that of the equivalent atoms in (II) and (III).
All-in-all, the conformations of (II), (III) and (IV) are very similar, especially in terms of the orientations of the substituents attached to C9 with respect to the indole ring. (I) differs slightly in that C9-H9 lies almost in the indole ring plane rather than being twisted away from it, which possibly correlates with the intramolecular C-HÁ Á ÁO interaction noted above. Of course, in every case, crystal symmetry generates an equal number of molecules of the opposite chirality (i.e., S configuration of C9), with an anticlockwise twist of C9-H9 with respect to the indole ring system.
Supramolecular features
As might be expected, the dominant supramolecular motif in all these compounds involve N-HÁ Á ÁO hydrogen bonds, although the resulting topologies [chains for (I) and (II) and dimers for (III) and (IV)] are different. Various weak interactions also occur, as described below and listed in Tables 1-4 Table 1 . Table 1 Hydrogen-bond geometry (Å , ) for (I).
Cg2 and Cg4 are the centroids of the C1-C6 and C20-C25 rings, respectively. 
Figure 4
The molecular structure of (IV), showing 50% displacement ellipsoids.
, z] bond links the molecules into [100] chains with a C(8) chain motif (Fig. 5) ; adjacent molecules are related by b-glide symmetry. A PLATON (Spek, 2009 ) analysis of the packing in (I) indicated the presence of no fewer than four C-HÁ Á Á interactions, although the C10, C16 and C19 bonds must be very weak based on the long HÁ Á Á separation. Together, these links lead to a three-dimensional network in the crystal. There are no aromatic -stacking interactions in (I), as the shortest ring centroid-centroid separation is greater than 4.6 Å .
The molecules of (II) are linked by N1-H1- (Fig. 6 ) characterized by a C(8) motif: adjacent molecules are related by c-glide symmetry. Just one C-HÁ Á Á interaction occurs in the crystal of (II) but a -stacking interaction involving inversion-related pairs of C1-C6 benzene rings is also observed: the centroid-centroid separation is 3.7122 (16) Å and the slippage is 1.69 Å . The weak links connect the chains into a three-dimensional network.
In (III), inversion dimers linked by N1-H1Á Á ÁO1 i and
hydrogen bonds occur, which generate R 2 2 (16) loops. The dimer linkage is reinforced by a pair of C12-H12Á Á ÁO1 interactions (Fig. 7) . The dimers are linked by several C-HÁ Á ÁO and C-HÁ Á Á interactions, generating a three-dimensional network. The shortest ring centroid-centroid separation is over 4.7 Å .
In the crystal of (IV), the molecules associate into inversion dimers linked by N1-H1Á Á ÁO2
i and (Fig. 8) Table 2 Hydrogen-bond geometry (Å , ) for (II).
Cg2 and Cg4 are the centroids of the C1-C6 ring. 
Figure 6
Partial packing diagram for (II), showing the formation of [001] chains linked by N-HÁ Á ÁO hydrogen bonds (double-dashed lines). Symmetry code as in Table 2 .
Figure 7
An inversion dimer in the crystal of (III) linked by pairs of N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds (double-dashed lines). Symmetry code as in Table 3 . Table 3 Hydrogen-bond geometry (Å , ) for (III).
Cg2 and Cg4 are the centroids of the C1-C6 and C17-C22 rings, respectively. Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1; (ii) Àx; Ày; Àz þ 1; (iii) Àx þ 1; Ày; Àz þ 1; (iv) Àx þ 1; Ày þ 1; Àz þ 1; (v) x; y; z þ 1.
Table 4
Hydrogen-bond geometry (Å , ) for (IV). Table 4 .
Database survey
There are over 4000 indole derivatives with different substituents (including H) at the 2, 3 and 5 positions of the ring system reported in the Cambridge Structural Database (CSD; Groom & Allen, 2014) . Narrowing the survey to indole derivatives with a C atom bonded to the 2-position of the ring and an sp 3 -hybridized C atom with two further C atoms and one H atom bonded to it at the 3-position (as per C9 in the present structures) yielded 72 hits. An analysis of the dihedral angle in these structures corresponding to C8-C7-C9-H9 in the present structures showed a wide spread of values with no obvious overall pattern.
Synthesis and crystallization
A mixture of sodium chloride (219 mg, 3.75 mmol) and diethyl 2-([5-chloro-2-phenyl-1H-indol-3-yl]{phenyl}methyl)malonate (847 mg, 1.78 mmol), [prepared from diethyl benzylidenemalonate and 5-chloro-2-phenylindole in the presence of Cu(OTf) 2 ] in DMSO (10.8 ml) and water (150 ml) was stirred at 443K for 16 h. After cooling to room temperature, water was added until a precipitate formed (25 ml). The mixture was extracted into DCM (3 Â 25 ml), washed with saturated NaCl(aq) (15 ml), dried over sodium sulfate, filtered and evaporated to leave a red oil. Flash chromatography (1:1 DCM, hexanes) afforded (I) as a colourless solid (638 mg, 89%), m.p. 464K. Colourless blocks were recrystallized from methanol solution at room temperature. IR (Nujol, cm À1 ) 3391, 2911, 1738, 1629, 1581, 1556, 1445, 1399, 1283, 1271, 1215, 1208, 1145, 1113, 1077, 874, 852, 761 Computer programs: CrystalClear (Rigaku, 2012), SHELXS97 and SHELXL97 (Sheldrick, 2008) , ORTEP-3 for Windows (Farrugia, 2012) and publCIF (Westrip, 2010) .
A mixture of trans--nitrostyrene (167 mg, 1.12 mmol), sulfamic acid (22 mg, 0.22 mmol) and 5-methoxy-2-phenyl-1H-indole (250 mg, 1.12 mmol), prepared from p-methoxyphenylhydrazine hydrochloride, acetophenone and PPA in EtOH (5 ml) was stirred at 323K for 40 h. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 5 . The N-bound H atoms were located in difference maps and their positions freely refined. The C-bound H atoms were geometrically placed (C-H = 0.93-0.98 Å ) and refined as riding atoms. The constraint U iso (H) = 1.2U eq (carrier) or 1.5U eq (methyl carrier) was applied in all cases. The methyl H atoms (if any) were allowed to rotate, but not to tip, to best fit the electron density. used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
(I) Ethyl 3-(5-chloro-2-phenyl-1H-indol-3-yl)-3-phenylpropanoate
Crystal data 
Data collection
Rigaku Mercury CCD diffractometer Radiation source: fine-focus sealed tube Graphite monochromator ω scans 27690 measured reflections 4720 independent reflections 3714 reflections with I > 2σ(I) R int = 0.079 
118.2 (3) C14-C13-C12 120.5 (3) C4-C5-H5 120.9 C14-C13-H13 119.7 C6-C5-H5 120.9 C12-C13-H13 119.7 C5-C6-C1 118.9 (3) C15-C14-C13 119.3 (3) C5-C6-C7 134.1 (3) C15-C14-H14 120.4 C1-C6-C7 106.9 (2) C13-C14-H14 120.4 C8-C7-C6 105.6 (2) C14-C15-C16 120.2 (3) C8-C7-C9 124.6 (3) C14-C15-H15 119.9 C6-C7-C9 129.5 (2) C16-C15-H15 119.9
107.6 O2-N2-O1 123.5 (3) C10-C9-H9 107.6 O2-N2-C10 117.6 (3) C11-C9-H9 107.6 O1-N2-C10 118.8 (3)
N1-C1-C2-C3 178.9 (3) C6-C7-C9-C11 −71.6 (3) C6-C1-C2-C3 −1.3 (4) C7-C9-C10-N2 62.0 (3) C1-C2-C3-C4 0.9 (4) C11-C9-C10-N2 −174.4 (2) C2-C3-C4-C5 0.6 (4) C7-C9-C11-C12 97.6 (3) C3-C4-C5-C6 −1.6 (4) C10-C9-C11-C12 −28.4 (4)
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Hydrogen-bond geometry (Å, º)
Cg2 and Cg4 are the centroids of the C1-C6 ring. are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
